Guaranteeing a safe and continuous drinking water supply for the city of Cali, Colombia, has become a concern for the water company of Cali, the environmental authorities, universities, and entities involved in the water resource. The progressive deterioration of the city's water sources has led to a search for future water sources and/or technologies in order to ensure high water quality standards at minimal costs. This paper describes a variety of problems occurring in the current water supply system in Cali and gives a description of the alternatives that have been considered to solve these problems in the past decades. Multi-criteria analysis was applied to assess alternatives for safe drinking supplies, demonstrating their suitability during the decision-making process when constraints arise due to political, community and institutional interests. 
INTRODUCTION
The high variability of water quality in surface water in Colombia, including the level of risk to human health, is threatening its use as a source for drinking water. Colombia is characterized by its abundance of water resources, with its average water yield exceeding by six times the average global water yield and by three times the Latin American water yield (IDEAM ). However, the availability of water is constrained by the deterioration of its quality. Progressive deterioration of the surface water is mainly caused by rapid urbanization, in combination with a lack of integration between water management and spatial planning. The problem has been exacerbated by inappropriate land use, poor protection of the Process); outranking methods (e.g. ELECTRE, PRO-METHEE, REGIME, NAIADE); and goal or reference point methods (e.g. Goal Programming and Compromise Programming).
The selection of the decision-support methodologies depends on the availability of information and its quality (Lai et al. ) . Jaber & Mohsen () described the development of a decision-support system for the evaluation and selection of potential non-conventional water supply systems in Jordan using the Analytic Hierarchy Process. Domènech et al. () analyzed the compatibility of non-conventional centralized and decentralized water supply technologies in Spain using a social multi-criteria evaluation.
This paper focuses on the development of an MCA framework to assess the alternative that best suits the necessities of the city of Cali, Colombia. That framework is based on the drinking water supply problems suffered there and the external constraints involved in the decisionmaking structure in developing countries such as Colombia.
A review was carried out in order to pinpoint the most pressing drinking water related issues in Cali. Moreover, additional data collection and analysis were conducted to achieve a better understanding of the magnitude of the contamination of the Cauca River, which is used as the main water source for the water supply to Cali. The pre-proposed alternatives were evaluated objectively in order to define the more suitable solutions to meet the future water demand of the city.
MATERIALS AND METHODS
This study is divided into two parts: (1) impact of water quality on Cali's current drinking water system; and (2) the application of the MCA tool. The methodology used in each part is described as follows:
(1) The impact of water quality on the functioning of the drinking water system for the city of Cali was reduced to the evaluation of the impacts of the current Cauca River water quality on the Puerto Mallarino water treatment plant (WTP) because, as described above, it represents the highest water coverage for the city. This analysis was based on turbidity and dissolved oxygen (DO) because these parameters correspond to the operational thresholds in the WTP. The turbidity indicator is related to extreme sediment loads, and the DO is associated with extreme contamination events. Therefore, when either of the mentioned parameters reaches or surpasses the operational thresholds, the WTP may not treat the entering water due to the uncertainty about contaminants in the source water. Other parameters are monitored at the WTP intake and in a station located 4.5 km upstream from the WTP intake (pH, color and electrical conductivity). However, only turbidity and DO are linked to the operational thresholds.
(2) Multi-criteria decision analysis. An inventory was made of the alternatives previously proposed by the drinking water company (EMCALI EICE ESP), environmental authorities, consultants and universities. The alternatives studied at a pre-feasibility and feasibility level, which by themselves or in combination comply completely with the water criteria demanded by the city, were compared by applying the MCA tool. The water company has considered the alternatives should be included as promising solutions, therefore in this study additional alternatives were not proposed. The water demand for the city is expected to reach 11.9 m 3 /s in 2036. The alternatives were evaluated by projecting the costs until the year 2036. However, it must be pointed out that the 'useful life' is not the same for all alternatives, since some of them will use existing facilities that may require upgrading. A sensitivity analysis was conducted by applying the MCA under different criteria scenarios.
Study site
Cali is the capital of the Valle del Cauca Department, located in the south-western part of Colombia between the Central Mountain Range and the Pacific Ocean. It is the third most important city in the country, with 560.3 km 2 of municipal area and a population of approximately 2.5 million people.
The city has experienced rapid population growth in the past decades due to its geographic location as the principal urban, cultural, and economic centre in south-western Colombia (Universidad del Valle and UNESCO-IHE ).
Drinking water supply system of Cali
The drinking water supply system in Cali is provided by five Orquídeas, Naranjos, Guaduales, and Desepaz (see Figure 1 ). 
Puerto Mallarino WTP
The Puerto Mallarino WTP is located on the western bank of the Cauca River, in the northeastern part of the city (Figure 1 ). The plant currently uses a complete train and water from the reservoir during high turbidity peak events (turbidity >2,500 NTU) and avoids the intake of raw water during contamination events (using only water from the reservoir when DO is in the raw water <2.5 mg/L).
Río Cauca WTP
The Río Cauca WTP accounts for approximately 21% of the city's water demand (PDA ; Universidad del Valle and UNESCO-IHE ). According to PDA () the WTP currently uses a complete train with solids contact reactors, comprised of a lateral intake; 2 km of pipeline to the WTP; activated carbon dosing in an injection line; one grit removal chamber; one raw water pumping station with six pumps; one given to the group, who then graded the criteria individually, according to the resulting framework (Table 2) . Multi-criteria decision analysis, based on the outranking method, was used in order to provide an approach to select a robust and flexible alternative. The PROMETHEE method was used to evaluate the alternatives. PROMETHEE uses the outranking principle to rank options where, as stated by its authors, it is possible to introduce arbitrary numbers for the weights, giving the relative importance of the criteria according to the problem statement. As described by Brans & Mareschal () , the preference structure of PROMETHEE is based on pairwise comparisons, where the deviation between the evaluations of the alternatives for a criterion is considered.
In this study, the judgment of alternatives was based on the complete ranking, where the net outranking flow (Φ) was con- Using surface water sources from the Cali River basin and Pacific region
The Pichindé River, among others, has been studied to determine whether its capacity is sufficient to supply the Río Cali WTP so as to reduce dependency on the Cauca River.
Between 1998 and 1999, an advanced pre-feasibility level study was conducted to determine the possibility of has been considered as an alternative to resolving the water supply problems in the city of Cali, which implies process changes to the existing water treatment scheme in order to help with the variable influent loading conditions. Production wells should extract the water some distance from the water body. As the surface water travels through the sediments, it is expected that many contaminants are being removed (Schubert ) . RBF has been used in Europe for more than 100 years (Schubert ; Tufenkji et al.
).
In the United States, RBF has been used for over half a century (Ray et al. ) . Other countries that are implementing RBF for drinking water supply are India, China, and South Korea (Ray ; Sandhu et al. ).
Analysis of alternatives
Currently, the construction of the 100,000 m 3 reservoir and reinstatement of the Aguablanca wells are under execution.
Therefore, for the alternatives that involve the use of the reservoir and/or the Aguablanca wells, the investment In addition, a smart combination of specific alternatives can also comply with the water demand. Five combinations of alternatives-so-called combos-were defined for the remaining alternatives:
In Table 4 obtained a positive Φ value (0.10), significantly improving its position (from 5th to 3rd). However, this alternative has significant potential for legal and social constraints, which could impede its selection as a feasible solution.
Overall, RBF in combination with the Cali River basin (C2) or with the deep wells (C3) seem to be reliable solutions for the water supply problem. Figure 8 The desktop study considered factors such as potential production capacity, potential water quality improvements, costs, environmental impacts, O&M considerations and regulatory considerations. Both the quality and quantity aspects of implementing RBF in Cali showed promising results, but it must be studied further to determine its technical feasibility. In addition, the high concentration of sediments transported by the Cauca River could lead to an important reduction in its water yield.
CONCLUSIONS
The drinking water supply system of Cali is vulnerable due to its dependence on WTPs abstracting water from the Cauca River. Therefore, alternatives are being considered and evaluated with an MCA. RBF, in combination with the deep wells, and RBF with the Cali River basin options seem to be ideal alternatives in order to guarantee safe drinking water in the amounts demanded by the city, while also having a lower environmental impact during construction and operation.
MCA has been shown to be a suitable tool for the analy- 
